Effective and safe conditions of low-frequency transcranial ultrasonic thrombolysis for acute ischemic stroke: neurologic and histologic evaluation in a rat middle cerebral artery stroke model.
Transcranial ultrasound (TUS) enhances thrombolysis and is expected to be useful for the treatment of ischemic stroke. However, neither its effectiveness in improving neurologic outcome nor its safety in living tissue has been fully established. We examined the efficacy and safety of low-frequency TUS under appropriate conditions of ultrasound for thrombolytic treatment in a rat middle cerebral artery stroke model. Sixty-five male Wistar rats were used. Rats with right middle cerebral artery stroke exhibiting left hemiparesis were blindly selected and randomly assigned to 1 of 3 groups: (1) control, no therapy; (2) tPA, intravenous administration of tissue plasminogen activator 3 hours after middle cerebral artery stroke, or (3) TUS, tPA administration and application of TUS (490 kHz, continuous wave, at an intensity of 0.8 W/cm(2)). Twenty-four hours after the onset of stroke, neurologic improvement was evaluated and brains were then removed. Thrombolysis at the origin of the right middle cerebral artery was examined. Thrombolysis ratio, cerebral infarct ratio, and rate of histologic evidence of hemorrhage were compared in the 3 groups. Significantly better neurologic improvement (P=0.008), a higher thrombolysis ratio (P=0.041), and a reduction of cerebral infarct volume (P=0.047) were obtained in the TUS group compared with the tPA group, without an increase in hemorrhagic transformation. Our findings suggest that thrombolytic treatment with low-frequency TUS under appropriate conditions could be an effective and safe method of treatment for ischemic stroke.